The authors describe a large-scale, longitudinal citation analysis of intellectual trading between information studies and cognate disciplines. The results of their investigation reveal the extent to which information studies draws on and, in turn, contributes to the ideational substrates of other academic domains. Their data show that the field has become a more successful exporter of ideas as well as less introverted than was previously the case. In the last decade, information studies has begun to contribute significantly to the literatures of such disciplines as computer science and engineering on the one hand and business and management on the other, while also drawing more heavily on those same literatures.
Introduction
Citation analysis is a powerful means of mapping the flow of ideas between specialty groups, disciplines, and nation states (e.g., Liu & Wang, 2005; Peritz & Bar-Ilan, 2002; Urata, 1990) . The matrices and maps produced by bibliometricians and others can be used to demonstrate the relative impact and perceived utility of research, all the way from a single article on topic X to the entire published output of a nation state in a discipline, in both domestic (intradisciplinary) and foreign (extradisciplinary) markets. Here we describe a large-scale citation analysis of intellectual trading between information studies and other disciplines. The results of our study reveal the extent to which information studies draws on and, in turn, contributes to the ideational bases of other academic domains. For an overview of the theory and application of citation analysis, the reader is referred to Garfield (1979) .
An Economic Metaphor
In their study, "The Export of Ideas from Information Science," Cronin and Pearson (1990, p. 381) analyzed citations to the publications of a number of grandees within the field and found that the impact of these scholars' work outside their home discipline was rather modest; they spoke of an "apparently weak export performance" (p. 386). Researchers in other disciplines have since employed the same economic metaphor. Lockett and McWilliams (2005, p. 139) used citation analysis to determine "whether management exports knowledge to a broader academic community." They found evidence of "a substantial trade deficit" (p. 148). Goldstone and Leydesdorff's (2006, p. 988) article, "The Import and Export of Cognitive Science," established that the interdisciplinary journal in question had "a strong export of ideas to other fields." Arhonditsis, Adams-VanHarn, Nielsen, Stow, and Reckhow (2006, p. 6553) used citation analysis to estimate the broad impact of work in the field of mechanistic aquatic biogeochemical modeling. They found that some research in oceanic modeling had the "ability to produce exportable knowledge" (p. 6553). Stegmann and Grohmann (2001, p. 493) analyzed publication and citation data for dermatology and found that "each journal exhibits a characteristic profile with respect to . . . its knowledge export. " Grover, Ayyagari, Gokhale, Lim, and Coffey (2006, p. 290) note that information systems "has always been viewed as an importer of ideas," although they found that the knowledge base of the field was being drawn on more extensively than before by its "traditional reference disciplines" (p. 293).
Crudely stated, a discipline that is a net exporter of ideas to others can be said to have a healthy balance of trade; a discipline that is a heavy importer of ideas can be characterized as having a weak balance of trade. A strong discipline may be one that has a positive trade balance, but that need not necessarily be the case. Conversely, a discipline with a poor export record is not thereby a failing field. Nevertheless, it is not unreasonable to posit that a discipline that is being ignored (i.e., receives few, if any, citations from other disciplines) may be suffering from "intellectual inbreeding" (Bedeian, 2005, p. 154) , may be stagnating, or may lack a strong "cumulative tradition" (Keen, 1980, p. 9) . By the same token, a discipline may be so technically sophisticated and theoretically fecund that it is neither a significant importer nor exporter of ideas: It is happily self-contained.
Over the years, social scientific disciplines such as psychology and sociology have successfully exported theories and methods to epistemic near neighbors (e.g., management, political science). Other disciplines are more self-reliant; economics, for example, "is oriented toward itself" (Bedeian, 2005, p. 154) . Harnad (2007) talks metaphorically of disciplines being endogamous or exogamous based on their citation characteristics; economics is clearly endogamous, highly self-citing in other words. As Ferraro, Pfeffer, and Sutton (2005, pp. 10-11) note: "Economics enjoys status and, indeed, dominance . . . Economics literature is cited more frequently in other social sciences literature." Management, by way of contrast, is "an integrating discipline" (Bedeian, 2005, p. 154) , much less self-contained than economics. Such characterizations call to mind Mote's (1962) distinction between high-scatter and low-scatter domains. In the case of the former, scholars typically have to search widely across fields and disciplines to source relevant materials (see also, Bates, 1996, and Talja, 2005 , on topic dispersion).
It is not illogical to suggest that a healthy discipline will produce, consciously or otherwise, intellectual goods for consumption in both domestic and foreign (export) markets. This would seem to be the view of Menand (2005, p. 14) , who has argued that humanities departments should "colonize . . . hunt down the disciplines whose subject matter they covet and bring them into their own realm." As Cronin and Pearson (1990, p. 382) put it: "The more attractive the goods (new insights, paradigms, models, techniques, patents, interpretations) on offer, the wider the potential market." And yet, as Bowker (2005, p. 123) observes, "scientists are not trained to share information across disciplinary divides," a view borne out by Kärki's (1996, p. 333 ) cocitation analysis of research into scholarly communication in both sociology of science and information science: "Members of a community do not attend to the work of non-members and insights originating in a discipline may be lost to those outside its circles." Her findings apply more widely, as Swanson has demonstrated in his continuing analysis of logically linked, but noninteracting literature corpora (e.g., Swanson, 1986) .
Inherent disciplinary differences and also differences in institutional regimes and material practices clearly have a bearing on knowledge import and export ratios. To take an extreme case, there is little likelihood of intellectual trading between information studies (information science, librarianship, information management, archival studies, etc.) and nuclear physics, given the manifestly high degree of disciplinary separation (in terms of paradigms, content, methods, and contexts). However, there are good prima facie reasons to assume that some research in information studies should be of interest to scholars in, for instance, education or communication studies. These disciplines have a measure of topical overlap (e.g., knowledge management, information transfer, formal and informal modes of communication) and one might thus expect there to be some multilateral exchange of concepts and methods (e.g., Borgman & Rice, 1992; Rice, Borgman, & Reeves, 1988) . Likewise, one might expect there to be "interdisciplinary citation traffic" (Tang, 2004, p. 58) between computer science and information studies, particularly in the field of information retrieval. However, experience suggests that common subject interests do not always or necessarily translate into the expected density of interdisciplinary citation. Miyamoto, Midorikawa, and Nakayama (1990, p. 80) found that library and information science took "89% of its journal citations from itself" and opined that it might "lapse into irrelevancy." In their analysis of the subfield of human information behavior (HIB)-an area, it would appear, of growing significance within information studies-McKechnie, Goodall, Lajoie-Paquette, and Julien (2005) found that HIB research was consumed primarily by other human information behavior researchers: 85% of all citations to the literature came from insiders. They concluded that human information behavior was "yet to have theoretical and methodological impact on other disciplines." A cocitation analysis by Ellis, Allen, and Wilson (1999) found little evidence of intellectual interaction between the ostensibly cognate domains of information science and information systems. White (2004) reexamined the connection between the two subfields of information science and linguistics (citation analysis and discourse analysis, respectively) and found that although the strength of interdisciplinary ties between the two domains remains fairly weak, citationists have been making greater use of research in linguistics of late.
The findings of these various studies lend some credence to Cronin and Pearson's (1990, p. 386 ) speculation that information science is a weak export performer. As Grover et al. (2006, p. 272) note with regard to information systems, such matters "demand a level of introspection that goes beyond speculation or pontification." The same surely holds for information studies. The purpose of this study, then, is to provide a robust test of Cronin and Pearson's claim using scaled-up data sets covering the somewhat broader literature of information studies.
Methods
Citation analyses of knowledge exchange involving information studies (IS) and other disciplines have tended to (a) cover a fairly limited time period (e.g., Peritz & Bar-Ilan, 2002 -articles published in Scientometrics in 1990 and 2000 Tang, 2004 -IS articles published in 1975 , 1980 , 1985 , 1990 , 1995 , and 2000 , (b) concentrate on a specific subfield of IS (e.g., Ellis et al., 1999-user studies and information retrieval; Kärki, 1996-scholarly communication; McKechnie et al., 2005-human information behavior; Tang, 2004-information retrieval; White, 2004-citation analysis) , or (c) examine a small number of works (e.g., Buttlar, 1999-61 library science and information science dissertations; Meyer, 1996-24 library science journals; Tang, 2004-150 IS articles; White, 2004 -cocitation counts of six prolific authors). The present study extends considerably both the scale and scope of such investigations.
We conducted a large-scale, longitudinal citation analysis of exports from, and imports to, the literature of IS based on an inclusive population of journals and conference proceedings in the field. We gathered data covering a 30-year period ) that we analyzed both cumulatively and by period (1977-1986, 1987-1996, and 1997-2006) to explore import/export trends longitudinally.
To identify exports from IS, we retrieved all items in all three ISI (Thomson Scientific, formerly Thomson ISI [Institute for Scientific Information], Philadelphia, PA) databases that had cited any of the 275 IS journals and conference proceedings (periodicals, hereafter) that constituted our population (see Table 1 ). 1 We initially analyzed 577 unique periodical titles for possible inclusion; these were compiled from Nisonger and Davis (2005) , Ulrich's Periodicals Directory (limited to refereed and/or academic/scholarly periodicals with the subject "Library and Information Sciences"), Wilson's Library Literature and Information Science directory of indexed periodicals, and WorldCat (examining the top 500 periodicals that were assigned the subject headings of archives, information science, libraries, or library science).
We eliminated 302 titles because they were either not cited or were cited fewer than 30 times over the course of 30 years [2004] ); these were typically not cited or were cited very few times. Finally, we eliminated a few titles that might at one time have been classified as IS, but had changed focus significantly over the years (e.g., Journal of Chemical Information and Modeling, which was formerly known as the Journal of Chemical Information and Computer Sciences, and before that as the Journal of Chemical Documentation). We acknowledge that others might wish to either relax or constrain the criteria for inclusion.
Once we created our set of 275 IS periodicals, we used the ISI databases (through DIALOG) to identify all the items that had cited these periodicals.
2 To do this for each of the periodicals, we first had to identify all possible abbreviated title name strings in the cited references field in the ISI databases. For example, we found and used (among others) the following combinations/permutations in our searches to identify documents that had cited the journal Library Quarterly:
LIB Q OR LIB Q JAN OR LIB Q JUL OR LIB Q OCT OR LIB QUART OR LIBR Q OR LIBR QUART? OR LIBRARY Q OR LIBRARY Q APR OR LIBRARY Q JAN OR LI-BRARY Q JUL OR LIBRARY Q OCT OR LIBRARY QUART?
The 275 information studies periodicals were cited by a total of 67,693 items, of which 63,741 (94%) were published between 1977 and 2006. 3 We then restricted our focus to articles, conference papers, and review articles. By eliminating citations from other document types (e.g., book reviews, editorials, letters, and meeting abstracts), the number of citations we processed was reduced by 15% (9,560) to 54,181-distributed across approximately 4,000 periodicals. 4 To identify imports to IS, we analyzed the references in all 48,441 articles and review articles found in the 80 IS periodicals that were covered in the ISI databases between 1977 and 2006 (see Table 2 ). With only a few exceptions (e.g., The American Archivist, Behavioral & Social Sciences Librarian, IFLA Journal, Journal of Government Information, and Journal of Information Ethics) , the majority of these periodicals has been covered continuously in the databases throughout the entire survey period and/or for as long as they were in publication (e.g., Drexel Library Quarterly and Wilson Library Bulletin ceased publication in 1986 and 1995, respectively). In short, we found that the 48,441 articles and review articles cited tens of thousands of unique sources for a total of 566,000.
Because these sources were cited and entered into the ISI databases using abbreviated formats, we had to manually identify all the variant abbreviations used for a source and change these to the full and most recent name of the source (e.g.,
AM DOCUMENTATION, IN PRESS JASIS, J AM SOC INFORMATION, J ASIS, J DOCUMENTARY RE-PROD, and JASIST to Journal of the American Society for Information Science and Technology).
5 In some instances, the same source was cited and entered into the ISI databases in more than 50 different ways (e.g.,
Proceedings of the American Society for Information Science and Technology).
Because it was impractical to standardize the names of all cited sources, we limited ourselves to those 7,000 unique sources that had each been cited at least 5 times in the 48,441 articles that we examined. As in the case of identifying abbreviations for the 275 IS periodicals used for examining exports, the process of standardizing the names of sources cited by IS periodicals took several hundred hours. Once we stabilized the names of the 7,000 unique cited sources, we used ISI's journal subject classification scheme, citation analysis (see below), and our domain knowledge to assign each source the discipline to which it belonged. If the cited source was a journal that was assigned only one subject category by ISI, it was classified accordingly (e.g., Library Quarterly was classified under "Information Science & Library Science" exclusively and was, therefore, treated as an IS journal).
6 If the cited source was a journal that was assigned more than one subject category by ISI, we classified it based on the subject background of the journals that had 1977-1986, 61 during 1987-1996, and 65 during 1997-2006. 6 We made a few exceptions to this rule. When we disagreed with ISI's subject classification of a journal, we used our domain knowledge and citation analysis to decide on the most accurate subject classification for that journal. For example, Journal of the American Medical Informatics Association is classified by ISI under "Information Science & Library Science" exclusively. Both our knowledge of the journal and citation analysis indicates that the journal actually belongs to, and is most frequently cited by, informatics journals. So, we classified this journal as informatics rather than as IS. cited it most frequently. For example, MIS Quarterly was classified as both "Information Science & Library Science" and "Management." An analysis of the titles that have cited MIS Quarterly revealed that it has been cited mostly by business and management/information systems journals, followed by computer science. In this case, the journal would be classified as a business and management journal. We applied the same approach for a variety of sources not listed in the ISI databases, such as books. For example, Introduction to Modern Information Retrieval by Salton and MCGill (1983) was cited between 1983 and 2006 mostly by computer science journals and was, therefore, assigned to computer science. Because it was effectively impossible to assign subject categories to all of the 7,000 cited sources, we limited ourselves to the 200 most cited. These 200 sources accounted for 139,459 or 25% of the 566,000 cited references found in the 48,441 IS articles examined here.
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Results and Discussion

Exports
Of the 54,181 papers that cited the 275 IS periodicals included in the study, 28,363 (52%) came from outside the field. Exports from IS to other fields have increased significantly over time. As shown in Figure 1 , and in greater detail in Table 3 , the number of non-IS papers citing the IS literature has risen from 3,982 for the period 1977-1986 to 18,079 for the period 1997-2006, an increase of 354%. By way of contrast, the level of intrafield citations (IS citing IS) increased by a mere 33% during the same time period.
We believe that the striking increase in foreign citations to the literature of IS can be explained in large measure by two developments: the growth of research domains influenced materially by advances in information technology and Internet applications (e.g., computer science, business and management, health/medical sciences, and engineering), and the expansion of ISI's coverage of domains relative to information studies. As can be seen from Table 4 , the most frequently author-assigned keywords to documents citing IS periodicals in 1997-2006 are related to the Internet, information retrieval, knowledge management, electronic commerce, information technology, the Web, digital libraries, and similar topics. Table 5 shows that ISI's coverage of 19 of the 50 most frequent importers from information studies began in the 1990s. Consider the case of Lecture Notes in Computer Science, the heaviest importer from IS, which has seen a significant increase in the number of its indexed items in ISI, rising from fewer than 600 records per year in the 1980s to over 11,000 per year for the period 2000 to 2006. Similar trends were found in the case of Lecture Notes in Artificial Intelligence, the second most frequent importer from IS.
Literature, history, law, and the arts and humanities have not dropped in the rankings because the scholarly literature of information studies is no longer of interest to scholars in these disciplines. Rather, it is because scholars from other disciplines (e.g., computer science, business and management, health and medical sciences, engineering, and psychology) are now importing ideas and techniques more heavily than previously from IS (see Figure 2 and, for more detail, Table 6 ).
Our results show that the ranking of importers from IS is statistically significantly different for all pairs of time periods (i.e., 1977-1986 and 1987-1996, 1977-1986 and 1997-2006, and 1987-1996 and 1997-2006 )-with Spearman rank order correlation coefficients of 0.672, Ϫ0.503, and Ϫ0.018, respectively.
Imports
As mentioned earlier, the 48,441 IS articles examined here have cited tens of thousands of unique sources: 566,000 in total. For practical reasons, we limited our analysis to the top 200 cited sources. Table 7 shows a breakdown of the subject classification of these 200 sources. Over the past 30 years, there has been a significant increase in the number of highly cited business and management, computer science and engineering, health/medical sciences, and communication studies titles at the expense of information studies, sociology, statistics, and education titles. The number of IS titles among the top 200 most frequently cited periodicals dropped from 124 (62%, for the period 1977-1986) to 105 (52%, for 1997-2006) . As with exports from IS, the striking increase in imports to IS from computer science and engineering, business and management, and health/medical sciences can be explained in large measure by advances in information technology generally and the Internet (and Web) specifically. 1977-1986 1987-1996 1997-2006 1977-2007 
Conclusion
Our data present a rather different picture from that drawn by Cronin and Pearson (1990) . In fairness, their study looked at the export performance of only a handful of grandees in information science: a comparatively small sample, moreover one drawn from a subdomain of information studies. Additionally, Cronin and Pearson were writing prior to the widespread adoption of the Internet and the Web. The pace and scale of developments in internetworking since then have brought about a kind of simultaneous intellectual fission and fusion within academia; that is to say, elements of IS have spun off into neighboring fields, while IS itself enthusiastically absorbs elements of domains with overlapping or complementary interests in information technology and systems. Information studies may be competing for space with other established and emergent fields, but the ecology of information-related disciplines (to mix metaphors) has expanded, creating opportunities for growth along with well-documented jurisdictional and turf challenges (e.g., Cronin, 2002) .
Our data permit two summary assertions: (a) IS has become a much more successful exporter of ideas than in the recent past, a point graphically illustrated in Figure 1 ; and (b) IS is less introverted than before, drawing more heavily on the literature of such disciplines as computer science and engineering on the one hand and business and management on the other, as Table 7 demonstrates. At the same time, fewer sociology and education titles are featured in the top 200 most frequently cited periodicals. These developments are mirrored in recent hiring trends within information studies programs; a growing number of the fulltime faculty have disciplinary backgrounds/terminal degrees in domains other than IS, a clear case, if you will, of requisite variety. In conclusion, and to return to the economic metaphor that was our point of departure, IS has in the past decade become a more successful exporter and also a more welcoming importer of intellectual goods trading with an expanding array of partners. 1977-2006 1977-1986 1987-1996 1997-2006 1977-1986 to 1997-2006 
